ABSTRACT: Digestive microfl ora is partly responsible for physiological gut conditions. Measurements of redox potential (Eh) and pH of digesta may give a basis for understanding microbial activity and dynamics of fermentation. However, few studies have assessed the Eh of the gastrointestinal tract of pigs. Twenty-four pigs of 30 kg BW were slaughtered to measure Eh and pH of cecum content in situ and to obtain samples of ileum, cecum, and colon contents for VFA determinations. Pigs had previously been fed with a nonmedicated starter feed for 5 wk. Measurements of Eh and pH were recorded fi rst at 2 min and then at 5-min intervals for 35 min to estimate kinetics and the delay to reach stabilization of the Eh value. Cecum Eh rapidly decreased (P < 0.001) from -115 to -180 mV after 15 min of insertion of the electrodes and then slowly decreased until -185 mV at 35 min. Cecal pH started at 5.74 and decreased (P < 0.01) slowly afterwards until 5.53 after 35 min. The Eh value after stabilization was negatively correlated (r = -0.64; P < 0.001) with fi nal pH. Acetic, propionic, and butyric acids accounted for 58.7, 24.0, and 12.8%, respectively, of total VFA production of cecum content. The VFA production of ileal content was lower (P < 0.001) when compared to cecum or colon (50.8, 142.1, and 130.8 μmol/g, respectively) and a higher proportion of formic and lactic acids was detected (32.3 and 27.0%, respectively). Proportions of acetic and propionic acids were negatively (r = -0.53; P < 0.01) and positively (r = 0.66; P < 0.001) correlated with Eh, respectively. In conclusion, Eh measured after stabilization seemed to be a meaningful predictor of hindgut fermentative activity.
INTRODUCTION
The digestive tract of animals consists of a complex ecosystem of aerobic and anaerobic microorganisms that are partly responsible for physiological gut conditions. Bacterial density in cecum and colon of pigs exceeds 10 9 cfu/g of digesta indicating a high fermentation capacity (Conway, 1994) . Fermentation of dietary substrates produces metabolic intermediates that act as electron acceptors and metabolic end products such as lactate, VFA, and gases (H 2 , CO 2 , and CH 4 ); all affect conditions for organisms to survive and multiply in the hindgut. The redox conditions prevailing in the gut can have a major impact on digestion, metabolism, and assimilation of ingested nutrients. The cecum milieu is anaerobic indicating a redox potential (Eh) markedly negative and strong reducing power (Marden et al., 2005) . Measurements of Eh and pH of digesta can give a basis for understanding microbial activity and dynamics of fermentation (Kimsé et al., 2009) . However, few studies (Stück et al., 1994) have assessed the Eh of the gastrointestinal tract content of pigs. Therefore, this study measured Eh in the cecum to determine the optimal time delay to reach a steady-state value and additionally relate Eh values with other variables (pH and/or VFA) characterizing gut physiological conditions.
MATERIAL AND METHODS

Animals and Diets
Twenty-four Pietrain × (Landrace × Duroc) pigs of 10 wk of age and 30.6 ± 2.4 kg BW were slaughtered to measure Eh, pH, and temperature of cecum content in situ and to obtain samples of digesta for VFA 
Sampling and Chemical Analysis
The experiment was approved by the Institut de Recerca i Tecnologia Agroalimentàries' Ethics and Animal Experimentation Committee. Pigs were euthanized and cecum was reached through a midline incision on the abdomen. The electrodes were inserted into the cecal mass and a bridle was used to fi x them to the cecum wall avoiding O 2 to fl ow inside. Then the abdominal cavity was closed and covered with a towel to avoid loss of body temperature. An Eh "combined" Pt electrode (Pt-Ag; Eijkelkamp 18.52.01, Giesbeek, The Netherlands), a glass pH electrode, and temperature electrodes (Ag/AgCl 3M KCl; Crison 52.02; Crison Instruments, Barcelona, Spain) connected to a digital pH meter (Micro pH 2002, Crison Instruments) were used. Measurements were recorded fi rst at 2 min after electrodes insertion and then at 5-min intervals for 35 min to estimate kinetics and time to reach Eh stabilization. The Eh corresponds to the difference of potential between common electrodes and standard H electrode. Given that the standard H electrode was not currently used, data records obtained with Pt electrode should be corrected (+199 mV; Marden et al., 2005) . Digesta were sampled immediately after last measurement of Eh for DM and VFA determinations. Samples were placed in tubes containing a conservation solution (HgCl 2 2% wt/vol) and stored at -20ºC. After defrosting and centrifugation, VFA were determined on supernatant samples by gas chromatography (6890N; Agilent Technologies, Wilmington, DE).
Statistical Analysis
Data were analyzed using the GLM procedure of SAS (SAS Institute Inc., Cary, NC). Means were compared with a Student-Newman-Keuls test; P < 0.05 was considered signifi cant. Relationships between stabilized Eh, pH, and VFA were determined using CORR and REG procedures of SAS. Within a row, values without a common superscript differ, P < 0.05.
RESULTS AND DISCUSSION
Kinetics of Eh measurements of cecum content indicate that Eh rapidly decreased (P < 0.001) from -115 to -180 mV 15 min after insertion of electrodes. Values recorded at 2 and 7 min were higher (P < 0.05) than those recorded afterwards. Then Eh slowly decreased until -185 mV at 35 min similar to results with rabbits (Kimsé et al., 2009) . The higher values observed in fi rst measurements may be attributed to O 2 entrance into the cecum when electrodes were inserted that would be consumed quickly by facultative anaerobic bacteria, thereby maintaining anaerobic conditions. Nonetheless, a time delay to establish the bridge between 2 half-cells of electrodes and the correct exchange of electrons could be longer in a viscous media such as cecum digesta (9 to 11% DM) than in a nonviscous water solution. As such, the average Eh value of -185 mV seemed relevant and representative of the high anaerobic environment of pig cecum; therefore, a 20-min delay for Eh measurements is recommended. This result contrasts with Eh value (-347 mV) observed in vitro by Stück el al. (1994) that might not corrected by the difference between the electrode used and the standard H electrode (+199 mV). In doing so, the value of -148 mV was obtained that was similar to values observed before Eh stabilization.
Cecal pH started at 5.74 decreasing slowly afterwards reaching 5.53 after 35 min (P < 0.01). The Eh after stabilization was negatively correlated with fi nal pH (Eh = 105.7 -52.6 × pH; r = -0.64; P < 0.001). The results are similar to those in rabbits (Kimsé et al., 2009) , which means that many biochemical reactions in the cecum ecosystem depend on redox couples with exchange of protons.
The VFA production of cecum content when compared to that of ileum and colon was higher (P < 0.001; Table  1 ) indicating a high fermentative activity. Higher molar proportions of formic and lactic acids were detected in the ileum in contrast to cecum and colon (P < 0.001) indicating that few lactic acid bacteria were present in the hindgut. Acetic, propionic, and butyric acids accounted for 95.5 and 91.8% of total VFA production of cecum and colon content, respectively. Cecal acetic and propionic acids were negatively (r = -0.53) and positively (r = 0.66) correlated with Eh, respectively (Figure 1 ), suggesting that fermentative activity was tightly dependent of cecum conditions and of Eh in particular.
In conclusion, Eh of cecum content proved to be a meaningful predictor of fermentative activity indicating that it can be considered in future research relating feed additives and diet composition with digestive physiology of pigs.
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